We compared the spatial distribution of short-wavelength-sensitive (SWS or blue) cone photoreceptors in the retinas of eight primate species. The regularity of the SWS cone array was quantified with a statistic (packing factor) that varies between a random distribution (0) and a triangular array (1). We find wide variability among species, with packing factors varying between 0.06 and 0.3. The SWS cone array in at least two New World monkey species is indistinguishable from a random array. The SWS cone density gradient across the retina was measured in the capuchin monkey Cebus apella and the squirrel monkey Saimiri sciureus. Both species show a peak density of 5000-8000 cells/mm 2 at the fovea and a 50-fold central-peripheral density gradient. In contrast to the wide variation in local regularity, the spatial density and the topography of SWS cones are well preserved across primates.
INTRODUCTION
A short-wavelength-sensitive (SWS or blue) class of cone photoreceptor is present in the great majority of mammals studied so far. 1, 2 The SWS cones in humans make up 8-10% of all photoreceptors. They form a semiregular triangular array throughout the retina, with the exception of a small (0.1-mm-diameter) tritanopic zone at the foveola. [3] [4] [5] [6] A similar pattern was described for Old World monkeys such as the macaque monkey [7] [8] [9] [10] [11] [12] and the baboon, 13 although the tritanopic zone for the macaque is very small. 10 The regular arrangement of SWS cones was generally considered to optimize the spatial sampling quality of the SWS cone array. 8, 14 Recent results suggest that a regular array of SWS cones may not be a ubiquitous feature of the primate retina. In two nocturnal primates, the owl monkey Aotus trivirgatus 15 and the prosimian bush baby Otolemur crassicaudatis, 16 there are no functional SWS cones at all. In a diurnal New World monkey, the common marmoset Callithrix jacchus, the SWS cones are randomly distributed at a local level, and there is no SWS-cone-free zone at the fovea. 11 The question whether the differences in SWS cone regularity are two discrete modes of mosaic organization or whether they are the extremes of a range in which the SWS cone array can be regular, or random, or somewhere in between, arises. The main aim of this study is to distinguish these possibilities.
In the present study we made a quantitative comparison of the SWS cone mosaic in eight primate species and the tree shrew (Tupaia, order Scandentia). We used a measure of regularity developed by Rodieck, 17 which gives a parameter [packing factor (PF)] by which the local order in mosaics can be ranked quantitatively. We show that, when different species are compared, there exists a continuum of local organization in the SWS cone array, with no clear segregation between New World and Old World primates. We also measured the SWS cone density gradient in two New World monkeys (capuchin monkey Cebus apella and squirrel monkey Saimiri sciureus). We show that these two species have similar SWS cone density gradients despite differences in the local order of the SWS cone array. We conclude that regularity in the SWS cone array is not a consistent feature of the primate retina; this conclusion implies that there are not two discrete modes of mosaic organization. One interpretation of our results is that a regular mosaic structure does not improve the quality of spatial processing in SWS cone pathways. Some of these data have appeared in abstract form. 18 
METHODS

A. Tissue Preparation
Eyes were obtained from two adult marmosets (Callithrix jacchus) and one capuchin monkey (Cebus apella) after performance of electrophysiological recording experiments in which the color-vision phenotype of these animals was established. 19, 20 One marmoset (marmoset 1) was a trichromatic female; the other (marmoset 2) was a dichromatic male. The capuchin monkey was a dichromatic male. Retinas from one pigtail macaque (Macaca nemestrina) and one Guinea baboon (Papio papio) were obtained after performance of electrophysiological recording experiments unrelated to the present study. The eyes of the other primates (cotton-top tamarin Saguinus oedipus, orangutan Pongo pygmaeus, chimpanzee Pan troglodytes, and squirrel monkey Saimiri sciureus) were obtained from Taronga Park Zoo, Sydney, Australia. The zoo makes available, for scientific purposes, tissue from animals that die of natural causes or that are killed for humane reasons. All the animals were adults except the chimpanzee, which was a juvenile. One retina of an adult tree shrew (Tupaia belangeri) was kindly provided by Leo Peichl. With the exception of the squirrel monkey and the Tupaia retinas, all the retinas used in this study were also used in our previous studies of SWS cone distribution 11 and horizontal cell connectivity. 21 Animals were killed by an overdose of sodium pentobarbitone (80-150 mg/kg, intravenous). Some animals were perfused intracardially with saline and then with 2% or 4% paraformaldehyde in 0.1M phosphate buffer (PB), pH 7.4. The eyes were opened by means of an encircling cut and were then fixed by immersion in the same fixative for 4-6 h. Eyes from the other animals were treated in the same way, except they were removed without perfusion. The retina was dissected free from the sclera, the pigment epithelium, and the vitreous. The isolated retina either was stored in PB with 0.01% sodium azide at 4°C for a period of between 2 months and 1 year or was immersed in 30% sucrose in PB overnight and then frozen and stored at Ϫ20°C or Ϫ70°C until used. All the procedures were approved by the University of Sydney animal care and ethics committee and conform to the provisions of the Australian National Health and Medical Research Council code of practice for the care and use of animals.
B. Immunocytochemistry
An affinity-purified rabbit antiserum directed against the human SWS cone pigment [JH 455 (Ref. 22) ; gift of J. Nathans] was used to label the SWS cones in the primate retinas. The retina of the tree shrew was processed with an antiserum to S antigen. This antiserum labels SWS cones as well as rods. 23 Retinal quadrants or whole retinas were immersed in 30% sucrose in PB overnight. They were then rapidly frozen and thawed and were then rinsed (3 ϫ 10 min) in 0.1M phosphate buffered saline (PBS), pH 7.4. The tissue was preincubated for 1 h in 10% bovine serum albumin, 0.5% Triton X-100 nonionic detergent in PBS at room temperature before incubation in the primary antiserum. The primary antiserum was used at a dilution of 1:50,000 or 1:100,000 in 5% bovine serum albumin, 0.5% Triton X-100, 0.05% sodium azide in PBS. The tissue was left in the primary antiserum for 5-7 days at 4°C. The following steps were carried out at room temperature. The tissue was rinsed in PBS (4 ϫ 15 min) and was then placed in biotinylated antiRabbit immunoglobulin-G (1:300, Vector Laboratories, Burlingame, California) in 1% bovine serum albumin, 0.5% Triton X-100 in PBS for 3 h. The tissue was rinsed in PBS (4 ϫ 15 min) and was subsequently incubated in the avidin-biotin peroxidase complex (Elite ABC, Vector Laboratories) for 1 h and was then rinsed in PBS (4 ϫ 15 min). Peroxidase was visualized by incubation in 0.05% diaminobenzidine tetrahydrochloride in PBS for 10 min, followed by a further incubation, for 10 min, in fresh diaminobenzidine tetrahydrochloride solution, to which hydrogen peroxide was added to yield a final concentration of 0.01%. The tissue was rinsed in PBS, post fixed in paraformaldehyde in PB for 1 h, rinsed again, and then mounted in 10% Mowiol (Hoechst, Sydney, NSW, Australia) dissolved in a solution containing glycerol and tris-HCl buffer. 24 This mounting procedure produced minimal shrinkage.
C. In Situ Hybridization
The cell bodies of SWS cones in the central retina were not labeled consistently by the JH 455 antiserum, although the outer and the inner segments were strongly labeled. This is presumably because the antiserum penetration was inadequate where the retinal layers are thicker. As described below (see Section 3), the size of the cell soma is an important constraint on measures of spatial regularity, so it was important for us to be able to measure SWS soma size. For this reason, and to confirm by another method the distribution of SWS cones in the marmoset, the size and the distribution of SWS cone cell bodies in the fovea of one animal was studied by in situ hybridization.
The human SWS opsin cDNA (clone hs37) 25 was subcloned into the EcoRI site of BluescriptII KSϩ (Strategene, La Jolla, California). Digoxigenin-labeled RNA probes were synthesized and hydrolyzed with a standard in vitro transcription protocol (Roche Molecular Biochemicals, Indianapolis, Indiana). 26 The retinal whole-mount mRNA in situ hybridization technique was modified from Harland, 27 as described in detail by Bumsted et al. 26 Briefly, the retina was acetylated with 0.1M triethanolamine and 0.5% acetic anhydride and then washed three times in 0.1M PB with 0.1% Tween 20. The tissue was then incubated in hybridization buffer for 12 h at 60°C and was then hybridized in a 50 ng/ml mRNA digoxigenin probe for 12-16 h at 60°C. The retina was rehydrated at 60°C in a descending mixture of hybridization buffer and 2ϫ standard saline citrate (SSC) containing 0.1% (3[(3-chloramidopropyl) dimethyl ammonio]-1-propane sulfonate) (CHAPS). It was then treated with 2ϫ SSC/0.1% CHAPS containing 20 g/ml RNaseA (digestion buffer) and 10 units/ml RNaseT1 for 30 min at 37°C, followed by 10-min washes in 2ϫ SSC/0.1% CHAPS and 0.2ϫ SSC/0.1% CHAPS. The retina was washed and was then blocked in 20% lamb serum in 0.1M PB with 1 mg/ml bovine serum albumin and 0.1% Triton X-100 for 1 h and was then incubated overnight at 4°C in alkaline-phosphataseconjugated antibody to digoxigenin (1:500; Roche Molecular Biochemicals). The antibody was visualized by incubation in nitroblue tetrazolium and 5-bromo-4-chloro-3-indoly phosphate. The retinas were postfixed in 4% paraformaldehyde (4°C) overnight and were then whole mounted, photoreceptor side up, in 80% glycerol in PB.
D. Analysis
The distribution of SWS cones was measured from wholemount preparations with a computer-assisted camera lucida drawing system. 28, 29 Sampling sites were chosen from retinal areas away from major blood vessels and where the photoreceptors were uniformly oriented without signs of distortion. 4 Eccentricity series were measured as close as possible to the horizontal axis (defined by a line running through the fovea and the center of the optic disk). The position of the center of each labeled cell body was marked. In preparations in which the cell bodies were not uniformly labeled the mark was placed at the junction between the outer and the inner segments. Control experiments in a sample of cells in which both the cell body and the outer-inner segment border were marked showed no differences in the resulting estimates of array regularity (data not shown).
A number of other studies have derived quantitative measures of the regularity of mosaic structures in the retina. 4, 5, 8, [30] [31] [32] [33] In general, these previous studies were aimed at characterizing a given real mosaic by its degree of conformance to a specific model mosaic (either a random or a triangular mosaic with some specified degree of imperfection). For the present study, we needed a parameter by which a number of different, real SWS cone mosaics in different species could be compared, and we required a measure that is insensitive to the overall spatial density of the mosaic. These requirements are met by the density recovery profile 17 (DRP). This method can be used to give a parameter (PF) that varies between 0 (random distribution) and 1 (triangular array) and that is independent of the average spatial density of the points in the array. The analysis is described more fully below (see Section 3).
E. Human Retina
The distribution of opsin-antibody-labeled SWS cones in two samples from a previous study of human retina was analyzed in the same way as the other tissue samples. Figure 10 of Ref. 4 was scanned at 150 dots per inch, and the position of each labeled SWS cone was marked and analyzed as described above. Figure 1 shows SWS cones labeled by use of the in situ probe in the perifoveal retina (between 1-and 2-mm eccentricity) in the marmoset. At this eccentricity the cone cell bodies form a single layer at the inner border of the outer nuclear layer. In agreement with our previous study with the JH 455 antiserum, 11 the labeled cell bodies in the marmoset clearly deviate from the regular pattern seen in the macaque. 7, 8, 11, 12 The in situ probe gives further evidence that the irregular pattern seen in our previous study 11 did not arise because of antibody nonspecificity. The fact that the in situ probe labels the cell bodies also allowed the cell body size to be measured in the central retina. As shown below, this gives further evidence that the SWS cone distribution in the marmoset is random and that it is constrained only by the fact that the cell bodies do not overlap their position in the outer nuclear layer.
RESULTS
A. Pattern of Labeling
The distribution of SWS cones revealed by immunoreactivity to the JH 455 antiserum in eight primate species is shown in Fig. 2 . The SWS cones were labeled in all the species studied. There was variability in the quality of labeling. In general, for tissue obtained at longer postmortem times (e.g., chimpanzee), the labeling is predominantly restricted to the outer and the inner segment. The entire SWS cone, including the pedicle, is labeled throughout most of the retina in preparations obtained and fixed immediately post mortem. 21, 34 Among the different species, there is clear variability in the size and the interreceptor spacing. Neighboring cells are not labeled in the retinas of the orangutan [ Fig. 2(A) ], Fig. 2(H) ]. The quantitative analysis was based on samples taken from the peripheral retina in areas in which the labeling quality was similar to that shown in Fig. 2 . Fig. 3(E) ] histograms. In the nearest-neighbor method 31 the distance from each cell to its nearest neighbor is accumulated as a frequency histogram [dark histograms in Figs. 3(D) and 3(F) ]. The nearest-neighbor histogram for the marmoset [ Fig. 3(D) ] shows the form of an offset Poisson distribution, whereas that for the macaque [ Fig. 3(F) ] has a Gaussian-like distribution. These two distributions are signs of random and regular intercell distributions, 29 but intermediate stages between these forms cannot be quantified by the nearest-neighbor analysis.
In the DRP algorithm the spatial density of all the other points (i.e., SWS cone centers) is measured as a function of distance from each point (i.e., cell) in the array [shown schematically in Fig. 3(B) ]. For a random distribution, the spatial density of other cells with respect to any given cell is uniform. For a regular distribution, the spatial density of other cells will be reduced for a certain distance around any given cell. This local dip represents the retinal area in which the probability of encountering another cell is reduced. The maximum radius [MR; Figs. 3(D) and 3(F)] is the maximum between-cell distance that could be achieved with hexagonal packing at the same average spatial density. The effective radius [ER; vertical line in Figs. 3(D) and 3(F) ] is the radius of a cylinder whose volume is equal to the integrated volume of the dip. 17 The squared ratio (ER/MR) 2 is the PF [Figs. 3(D) and 3(F)], which is a scalar measure of deviation from a triangular array 11, 17, 35 and which varies between 0 (random) and 1 (triangular).
An important constraint on both the nearest-neighbor and the DRP estimates is that the minimum distance between cell centers cannot be zero, because each cell occupies a finite area within the array. In other words, a random distribution of SWS cones would not give a PF of zero, because the minimum distance between the centers of two (circular) cell bodies is the sum of their radii. The histogram in Fig. 3 (E) shows cell body diameters for SWS cones in the marmoset. We estimated cell body size by measuring the perimeter of a sample of cells, as shown in Fig. 3(C) , and then calculating the diameter of a circle that encloses the same area. Comparison of the average cell body diameter (7.5 m) with the ER (7.7 m) suggests that the deviation from a random distribution of points for the marmoset is due only to the size of the SWS cone cell bodies. By contrast, the ER (19.7 m) for the macaque cannot be accounted for by the cell body diameter (8-10 m; Fig. 1 ; see also Ref. 11) . Some other factor must produce the pattern seen in this species.
Samples of the SWS cone array and the corresponding DRP analysis for three other species-baboon, capuchin monkey (Cebus), and squirrel monkey (Saimiri)-are shown in Fig. 4 , and the nearest-neighbor histograms show a Gaussian form. The SWS cone array appears much less orderly in the sample from the squirrel monkey. Accordingly, the PF is lower (0.09), and the nearest-neighbor histogram is clearly skewed from the Gaussian distribution.
In Fig. 5 the PF for each species is shown in rank order. The values from the New World monkeys are shown as open bars on this graph; the values from the Old World primates and from the Tupaia are shown as filled bars. Two main results are evident. First, there is a continuum among species in the orderliness of the SWS cone array. Our previous comparison of the marmoset and the macaque 11 indeed was between two species at the extremes of this range. Second, there is a segregation be- Fig. 5 shows, the values for the Cebus are practically identical to those for the baboon and the orangutan.
We did not see clear evidence that the PF depends on the spatial density of SWS cones for the nonhuman primates (see Fig. 6 below) . However, the PF values that we calculated from the central (0.36-mm) sample in the human (from Ref. 4) was lower (mean, 0.18; SD, 0.037; n ϭ 4) than the PF values for the more peripheral (3.0-mm) sample (mean, 0.29; SD, 0.029; n ϭ 4). This difference was also noted by Curcio et al. 4 We calculated the probability that the SWS cone array in each species is significantly different from a random array, using the method described by Rodieck. 17 The method is essentially a comparison of the measured DRP with the probability density expected from a random distribution (Poissonian) process. One field from each retina was analyzed. The between-species sample variance was equilibrated, by adjustment of the DRP histogram bin width, to give a reliability factor (K) close to 5 (see Ref. 17 , p. 107). Probabilities were calculated from the statistic ER/⌬R, where ER is effective radius, as defined above, and ⌬R is histogram bin width, as described in Ref. 17 . We also calculated the probabilities with allowance for the fact that the SWS cone cell bodies have a finite size (see above in this subsection). We subtracted a value of 5 or 7 m from the ER to derive the comparison statistic; these values were chosen as conservative estimates of SWS cell body size. Table 1 shows the result. The SWS cone array is significantly different from a random distribution for every species if SWS cone cell body size is not taken into account. If allowance is made for the SWS cone cell body size (columns P2 and P3 in Table 1 ), then the SWS cone arrays for perifovea from the human, the marmoset, and the tamarin are not distinguishable from a random distribution at the 2% significance level.
We asked whether the PF depends on factors such as the spatial density of SWS cones. A series of measurements as close as possible to the horizontal axis in one marmoset and one macaque was made. We did not include the fovea in these measurements. The SWS cone cell bodies near the fovea were not consistently labeled, and it was difficult to obtain sample fields in which all the labeled SWS cone outer segments were undamaged and vertically oriented. The result is shown in Fig. 6 . Over the eccentricity range of 1.0-6.2 mm for the marmoset, and of 0.9-14.8 mm for the macaque, there is substantial overlap of SWS cone density between the species [Figs. 6(A) and 6(B)] but no overlap of their respective PF's [ Fig.  6(C) ]. Accordingly, there is no correlation between SWS cone density and PF for either species [ Fig. 6(D) ]. We conclude that, at least for the range of 300-1500 cells/mm 2 , the local order of SWS cones is independent of their spatial density.
C. Central-Peripheral Gradient of Short-WavelengthSensitive Cones
Quantitative descriptions of SWS cone topography have, until recently, been restricted to Old World primates. 1, 4, 12, 13, 26 We recently showed that, with the exception that there is no SWS-cone-free area at the foveola, the SWS cone spatial density in the marmoset conforms closely to that in Old World primates. In the present study we measured SWS cone topography in the capuchin monkey and the squirrel monkey to determine whether these features can be generalized to other New World monkeys. Figures 7(B) and 7(D) show the position of sample sites from the two retinas. Parts of each retina were used for other purposes. As a consequence, the sampling axes are not aligned on the horizontal axes. The SWS cone density is shown in Figs. 7(A) and 7(C). The SWS cone topography is similar to that in the macaque and the marmoset, 11, 12 with density decreasing steeply within 3 mm of the fovea and less rapidly thereafter. The peak density in the squirrel monkey (8990 cells/mm 2 ) is slightly higher than the peak density in the capuchin monkey (6981 cells/mm 2 ). For both species, the density in temporal retina declines approximately exponentially with distance from the fovea. For the capuchin monkey, as for all the other primates described so far, 4, 11, 12 the SWS cone gradient is shallower in the nasal than in the temporal retina. This difference is not obvious for the squirrel monkey, but the transect sampling for the nasal retina is not complete [ Fig. 7(D) ]. The sample squares in Figs. 7(B) and 7(D) show where the samples for the DRP were taken. Note that these two New World monkeys have quite a different local distribution of SWS cones (Fig. 4) despite the overall similarities in retinal size and cone topography.
We showed previously that, unlike the foveola in the human 4 and the baboon 13 (where there are no SWS cones within ϳ50-m radius of the foveolar center), there is no reduction of SWS cone density in the foveola of the marmoset.
11 Figure 8 shows a similar result for the foveola of the squirrel monkey Saimiri. Counts of both SWS cone and unlabeled, presumably medium-longwavelength-sensitive (ML), cones were made at 10-m intervals along a 50-m-wide transect through the foveola. The position of each cone center is marked for SWS cones point of maximum ML cone density and are much smaller than the SWS-cone-free zone in the human 4 and the baboon. 13 The present result obtained for the squirrel monkey is essentially identical to that obtained for the marmoset 11 and the macaque. 10 We were unable to analyze quantitatively the capuchin monkey foveola because it was distorted during preparation. 11 Qualitatively, there appeared to be a local decrease in the SWS cone density at the foveola in that retina (see Fig. 3 
of Ref. 11).
This leaves open the possibility that this New World monkey, unlike the squirrel monkey and the marmoset, may have a foveal tritanopic zone.
DISCUSSION
A. Determination of the Short-Wavelength-Sensitive Cone Mosaic That the SWS cones in the macaque, the baboon, and the human peripheral retina are not randomly distributed has been demonstrated by both anatomical 4, 8, 13, 30 and psychophysical 3, 36 methods and is confirmed here. Both the interreceptor spacing and the second-order array properties (the shape of the Voroni domains of SWS cones) in the macaque are well described by the elastic ball model provided by Shapiro et al. 8 In this model the SWS cones are sequentially placed to form an array according to spatial rules whereby a new cone cannot be placed within a certain distance (hard-core 8 or minimumdistance rule 33 ) of an existing cone. With increasing distance thereafter (soft-shell distance), placement is allowed with increasing probability. A simpler model using only the minimum-distance rule was more recently proposed by Galli-Resta et al. 33 to account for variations in regularity of SWS cones with receptor density in a nonprimate mammal (ground squirrel). Unfortunately, neither of these models can account for the range of SWS cone distribution seen in the present study. For the retinas of the marmoset and of the tamarin, and for at least part of the human retina, the minimum distance between SWS cones is simply the size of the SWS cone cell body. This clearly reduces the explanatory power of any minimum-distance rule. It is possible that a simple softshell model employing a single probability function to describe the distance between SWS cones could account for both within-species and between-species variations in the patterning of SWS cones.
B. Developmental Considerations
In the macaque the SWS cones express their opsin before the ML cones, and the regular SWS cone array seen in the periphery of the adult macaque is evident from the onset of SWS opsin expression. 10 From clonal analysis studies Williams and Goldowitz 37 proposed that the retina is composed of relatively homogeneous clonal units. If the first cone cell to be generated in each clone were SWS, this cell could inhibit the differentiation of surrounding cones into SWS cones, producing the regular pattern seen in the macaque. 10, 37 Changes in the timing of SWS cone cell generation, in relation to ML cones in the same clone, might give rise to a less ordered SWS cone mosaic such as is seen in the majority of New World monkeys. Alternatively, it could be argued that the variation that we see among species points more toward a relative independence of the factors that control the development of the SWS and ML cone arrays. Knowledge of the relative timing of SWS and ML cone opsin expression in a species such as the marmoset might cast more light on this matter.
C. Functional Consequences
It has been argued 3, 4, 11 that the local order of SWS cones may be of little consequence for SWS-cone-mediated visual function. Psychophysical measurements 3 and direct imaging 30 of the perifovea in humans show that the SWS cones are rather poorly ordered there, although it is in the perifovea that SWS-cone-mediated vision is most acute. Our data provide corroborative evidence for this idea by showing that there is wide variety in the degree of local order among primates species. The feature that is clearly preserved among species is the central-peripheral gradient in SWS cone density. We show here that data from two New World monkeys studied so far fit very closely the pattern seen for all diurnal primates, with a 50-fold gradient between the fovea and the peripheral retina and a peak SWS cone density of 5000-10,000 cells/mm 2 (Fig. 7) . This result stands in contrast to the great variability in the distribution seen in nonprimate mammals (reviewed in Refs. 1, 11, and 38). The peak density of SWS cones in all diurnal primates studied so far is either at the foveola or within 2-3 deg of the foveola. The small (0.05-0.1-mm) foveal tritanopic zone in Old World primates 4, 6, 10, 13 is not present in the marmoset 11 or the squirrel monkey (Fig. 8) ; the situation in the capuchin monkey is still not clear. Indeed, the reason for the very existence of a tritanopic zone is still unclear. It is not due to crowding out of SWS cones by other cone types, because in the foveola of the marmoset 11 and of the squirrel monkey (Fig. 8) the density of unlabeled cones is at least as high as in the foveola of the macaque and of the human. 12, [39] [40] [41] We have previously suggested 11 that the size of the tritanopic zone could be correlated with eye size in primates. The fact that the squirrel monkey retina is not much smaller than that of the macaque (Fig. 7) makes this interpretation less likely.
As we have previously showed, 11 there is no difference in the distribution of SWS cones in dichromatic and trichromatic marmosets. The fact that the dichromatic capuchin monkey (see Section 2) has the same local distribution of SWS cones as do routinely trichromatic species such as the baboon (Fig. 5 ) adds further weight to the argument for independence of the SWS cone and ML systems of color vision.
